This retrospective study assessed the prevalence of moderate to severe chronic kidney disease (CKD) among nursing home (NH) residents with type 2 diabetes. The pattern of oral antidiabetic drug (OAD) use and their concordance with the National Kidney Foundation (NKF) guideline and prescribing information (PI) was also assessed. About half (47%) of diabetic residents had moderate to severe CKD. A little over a quarter of the 186 residents using OADs received at least one NKF-discordant OAD prescription. Metformin was the most commonly misused OAD. PI nonconcordance was observed in 58.6% of residents and was highest in glipizide and metformin users. With the high prevalence of moderate to severe CKD in NH residents with diabetes, physicians should consider residents' renal function when choosing treatment plans and review treatments regularly to check compliance with the NKF guidelines or PIs.
Introduction
Diabetes is a public health concern of epidemic significance, affecting an estimated 25.8 million people in the United States (US) [1] . Approximately one-quarter of the 1.3 million nursing home (NH) residents in the US have diabetes [2, 3] . Diabetes is also associated with a significant economic burden. In 2007, the estimated total direct and indirect annual costs of the disease were $174 billion in the US [1, 4] . In the same year, 32% of Medicare expenses incurred within long-term care (LTC) settings were for diabetes care [5] . The diabetes-related costs in the LTC settings also increased rapidly. The estimated cost of care for diabetic residents within LTC facilities increased from $13.9 billion in 2002 to $18.5 billion in 2007 [5] .
Chronic kidney disease (CKD) is a common complication of diabetes; it contributes to clinical complexity of diabetes management and the economic burden of diabetes in the LTC settings. According to the Centers for Disease Control and Prevention (CDC), up to 44% of new cases with endstage renal disease (ESRD), the most severe form of CKD, were attributable to diabetes in 2008 [6] . A survey of the NH population reported that 34% of surveyed diabetic NH residents also had CKD [7] .
Diabetic patients with renal impairment are clinically complex and vulnerable to drug-drug interactions and adverse events associated with medication [7] . Therefore, it is important to assess their clinical characteristics and the treatments they received. NH residents with diabetes often have multiple comorbidities and receive multiple medications [3, 8, 9] . Meanwhile, dementia and functional disability, which are common among NH residents, make it difficult to manage residents' drug therapy [10, 11] . Diabetic NH residents with CKD are even more vulnerable to drug-drug interaction or severe adverse events than those without CKD. Impaired kidney function may lead to a longer biologic 2 International Journal of Nephrology or elimination half-life and increases the risk of drugdrug interactions or severe adverse events [12, 13] . Some medications or combinations of medication use may be safe in individuals with normal kidney function, but can be dangerous in individuals with CKD. However, there is limited information on the treatment patterns and polypharmacy among NH residents with diabetes and renal impairment [3] . Using a nationally representative sample, Dwyer et al. reported that over 40% of NH populations received 9 or more medications in one calendar year [14, 15] . No existing studies have assessed the prevalence of polypharmacy or type of medications received among NH residents with both diabetes and CKD.
The National Kidney Foundation (NKF) published clinical practice guidelines on the management of diabetes in patients with CKD [16] . These guidelines recommend that the prescribed dosage of several oral antidiabetic drugs (OADs) should be altered or avoided in patients with diabetes and comorbid CKD [16] . A recent study found that OAD treatment not concordant with NKF guideline recommendations led to worse clinical and economic outcomes [17] . Despite a large body of literature on diabetic patients with CKD, published data on how diabetes is treated in LTC residents are limited [18, 19] . The objective of this retrospective database study was to assess the prevalence of CKD as well as to compare the use of OAD medication with NKF guidelines and drug package insert (PI) recommendations among NH residents with diabetes.
Materials and Methods

Study Database.
The data were extracted from the AnalytiCare LTC database from 2008 to 2011. The AnalytiCare LTC database provides integrated LTC data comprised of demographic data, pharmacy claims, and clinical assessment data (also known as the minimum data set [MDS]) of more than 100,000 residents in NHs from 4 US geographical regions, with laboratory results available for about 10% of the sample. Since NH residents' laboratory results were necessary to confirm the diagnosis and severity of CKD, all NH residents with LTC data along with laboratory results were included in this study analysis.
The demographic files contained information about resident's age, gender, race/ethnicity, Medicare/Medicaid eligibility, level of education, marital status, and state of residence. The pharmacy claims contained details of medications dispensed to the residents during their NH stays, which included the national drug code (NDC) number, dispensing date, quantity dispensed, and days of supply. The laboratory test records include test name, normal ranges, and test dates and readings. The MDS was collected as part of the federally mandated process for improving quality of care in Medicare/Medicaid certified NHs. The process requires comprehensive clinical assessments of each resident upon NH admission, quarterly, annually, at discharge, and at any significant change in health status. To fill out the MDS forms, nurses or MDS coordinators in each nursing home conduct chart review, resident assessment, and caregiver interviews to gather information on resident clinical and functional status and resource utilization during most recent 7-or 14-day period.
CKD Prevalence Estimate in Residents with Diabetes.
The prevalence of CKD in diabetic residents in NHs was estimated for each calendar year based on the data from 2008 to 2011. Residents were included as the denominator of the prevalence estimation of a calendar year if they met the following criteria: (1) continuously stayed in the NH for at least 30 days during the year, (2) were at least 18 years old on the day of the first MDS assessment during 2008-2011, (3) had at least 1 MDS assessment with MDS item I2900 suggesting diabetes, (4) and had laboratory data during the calendar year. Residents with mental retardation and/or developmental disabilities due to organic conditions, that is, diseases caused by a dysfunction of an organ or enzyme system, rather than psychiatric or functional conditions, were excluded from the study. Examples of conditions for exclusion include Down syndrome, autism, and epilepsy.
Each year, residents with moderate to severe CKD were identified via both MDS and laboratory results. Moderate to severe CKD was defined as at least 1 MDS assessment suggesting renal impairment, ESRD, or dialysis; by International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis codes 585.3 (moderate CKD), 585.4 (severe CKD), 585.5 (very severe CKD), or 585.6 (ESRD) ( Table 1) ; or by estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 . In the MDS, ICD-9-CM diagnosis fields were designed to capture conditions not included in the comprehensive diagnosis checklist in MDS Section I. Thus, it was expected that a small number of CKD patients would be identified via diagnosis codes, and the majority of residents would be identified via lab results. CKD stage was also identified through laboratory results based on the NKF definition of CKD using eGFR. The prevalence (per 100 patients) of CKD in diabetics was determined by the formula given below:
Prevalence of CKD in diabetics = Number of diabetes patients with CKD during the calendar year Number of diabetic residents during the calendar year × 100 from the residents identified to estimate prevalence. The 90-day continuous enrollment allowed us to assess the pattern of medication use during residents' NH stay. Demographic characteristics such as age, gender, race/ethnicity, and state of residence were assessed based on the MDS assessments that were conducted closest to the beginning of the 90-day assessment period. Clinical characteristics including health conditions and functional status, body mass index (BMI), and smoking status were also assessed based on the MDS. The number of unique medications that residents received during the 90-day period was assessed and presented as both continuous and categorical measures (i.e., 1-4, 5-9, 10-14, and 15+ unique medications). The proportion of residents with polypharmacy was calculated, and polypharmacy was defined as taking 9 or more unique medications [14, 20] during the 90-day period. Use of selected classes of medications was also reported. The proportion of residents receiving any antidiabetic treatment, OADs or glucagon-like peptide-1 agonists (GLP-1), insulin, and individual OADs were calculated. The descriptive analysis was further stratified by whether a resident had moderate to severe CKD (also referred to as stage 3-5 CKD).
Assessment of the Concordance of OAD Utilization with the NKF Guidelines and PIs.
Concordance of OAD utilization with the NKF guidelines and PIs was assessed among residents with stage 3-5 CKD who received at least 1 OAD prescription mentioned in the NKF guidelines (Table 2) . Because NKF requires changes in OAD regimen in residents with reduced eGF/R, [15] the analysis was restricted to residents with stage 3-5 CKD. The NKF guidelines do not include saxagliptin or linagliptin because the guidelines were published prior to their approval (saxagliptin was approved in 2009 and linagliptin approved in 2011 in the US). Therefore, the use of saxagliptin and linagliptin was only assessed according to PIs. Residents were grouped into NKF-concordant and NKF nonconcordant cohorts by assessing their pharmacy claims against the NKF guidelines. Concordance was defined as residents who received an appropriate dosage of OADs, as suggested by the guidelines, and did not receive OADs that should be avoided. Since one resident may have received multiple OADs during the 90-day assessment period, each use was assessed against the NKF guidelines. Residents were classified as concordant if all the OADs dispensed during the 90 days were concordant with NKF guidelines. Residents were defined as nonconcordant if they received 1 or more prescriptions that were not concordant to recommendations. Similar methods were used to classify the medication use and patients into PI concordant and nonconcordant groups by comparing them against the PIs (Table 3) .
Data Analyses.
Descriptive analysis was conducted for residents with diabetes, stratified by the presence of moderate to severe CKD, and for NKF-and PI-concordant and nonconcordant cohorts, respectively. For continuous variables and counts (i.e., the number of medications), mean and standard deviations (SD) were reported. For categorical variables, frequency distributions with percentages were reported. To detect the statistically significant difference between concordant and nonconcordant cohorts, Student's t-tests were used for continuous variables, Fisher's exact tests were used for categorical variables, and Wilcoxon rank-sum test was used Table 5 ). The NKF-guideline concordant cohort had a higher proportion of Hispanic and a lower proportion of White or black than the NKF nonconcordant cohort. Of the 186 residents, 77 (41.4%) received the medications in accordance with their respective PIs. No statistically significant differences in characteristics were found between the PI concordant and nonconcordant cohorts.
Discussion
There are limited data available regarding the characteristics and management of elderly residents with diabetes and chronic kidney disease in long-term care settings in the United States [19] . This real world study demonstrated a high prevalence of moderate to severe CKD (47%) in diabetic residents in US nursing homes during 2008 to 2011. The study also found that polypharmacy (number of unique medications ≥9 over a 90-day period) was common (62.1%) among diabetic residents diagnosed with stage 3-5 CKD. In addition, among the residents receiving OADs included in the NKF guidelines, about a third (27.6%) of patients did not receive the OADs in concordance with NKF guideline recommendations and over half (58.6%) did not receive the OADs in concordance with PIs.
Consistent with other studies, the results of our study suggested that the prevalence of CKD is high among individuals with diabetes. According to the CDC, approximately 44% of individuals with diabetes also had CKD in 2008 [1] . A study by Koro et al. also found that 40% of adults with diabetes had CKD [18] . However, their study looked at any degree of CKD, whereas the present study focused on the prevalence of stage 3-5 CKD among older residents with an average age of 75 years old. Given the high prevalence of CKD it is important that physicians consider the treatment plans for diabetics by assessing for renal impairment. In our sample, only 18% of residents were identified as having renal insufficiency/renal failure in the MDS, whereas a much higher proportion was identified as having moderate to severe CKD based on lab tests. The results suggested that the presence of moderate to severe CKD may have been underdocumented in the MDS. The MDS data collection form had a prespecified list of health conditions, including chronic renal failure (MDS 2.0) and renal insufficiency/renal failure (MDS 3.0), and nurses could have checked each applicable item based on residents' charts. Nurses may have underdocumented the condition due to the lack of detailed instruction on how to define or document renal insufficiency or renal failure, or because residents' charts did not clearly specify the presence of CKD. Although there are additional fields for nurses to enter ICD-9-CM diagnostic codes, those fields are often reserved to document conditions not included in the checklist. In this study, few additional NH residents were identified as having moderate to severe CKD by scanning the ICD-9-CM codes in the MDS. The identification of CKD in NH settings needs to be improved and residents with moderate to severe CKD should be clearly flagged about their condition in the MDS, which will trigger a careful evaluation of their treatment plans. This study identified about a third of residents who received at least one OAD not in concordance with NKF guidelines and over two-thirds not in concordance with PIs. A prior study by Chen et al. found that patients with diabetes diagnosed with moderate to severe CKD receiving OADs according to the NKF guidelines concordance showed better clinical outcomes (i.e., better glycemic control) compared with nonconcordant residents [17] . Given the association with positive clinical outcomes, increasing awareness of use of medications according to the NKF guidelines and PI concordance should be made through physician (and nurses') education.
Our findings also suggest that Hispanic NH residents with CKD were more likely to receive antidiabetic medications concordant with NKF guidelines than other residents. It is unclear whether it is because Hispanic residents received different care, or because the Hispanic residents were clustered in NHs that provided higher quality of care. A cross-sectional study of CKD patients revealed that CKD complications were more common, and mean eGFR was lower among Hispanics than Black or White patients [21] , which may have triggered NH staff conduct more careful assessment of patient medication use. However, given the small sample size, the results should be interpreted with caution.
To the best of our knowledge, the results of this study provide the most recent findings on polypharmacy among the US NH residents to date. More than half of the residents with diabetes (58.6%) were recipients of polypharmacy during the 90-day assessment window, and the estimate was even higher in residents with both diabetes and moderate to severe CKD (62.1%). This proportion was much higher than the 40% reported by an NH survey in 2004 [14] and the 32% reported by the Medical Expenditure Panel SurveyNursing Home Component (MEPS-NHC) in 1996 [20] . One probable reason is that in our study, we assessed the medication use among diabetic residents, and an abundance of literature has suggested that the diabetic elderly have more complications and comorbidities than those without diabetes [3, 8, 9] . Prior literature has shown that there is a positive association between polypharmacy, inappropriate medication use, adverse events, and health care costs [14, 22] . It is therefore important to undertake regular medication review and modify the drug regimen of NH residents with diabetes and CKD to reduce the adverse events, minimize costs, and improve the quality of NH care.
Approximately half of the residents with diabetes included in the current study received prescriptions for any antidiabetic medications which included OAD and/or insulin during a 90-day window of observation. To confirm this, we performed a sensitivity analysis in which we expanded the assessment period of medication use to 1 year to minimize the probability that residents filled prescriptions outside of the 90-day assessment window. The estimated proportion of residents with diabetes treated with antidiabetic medications only increased to slightly over 60%. The prescription data in AnalytiCare LTC data reflect all the medications dispensed during residents' NH stays. Since medication use was closely monitored in the nursing home settings (e.g., NH staff dispense and administer medications), we believe that the prescription information accurately reflect the medications being taken by the residents during their stays. The low use of antidiabetic treatments could be due to better diet control, undernutrition and low food intake (especially among the those ≥80 years old), providers' concerns of adverse events such as hypoglycemia, financial constraints in the NHs, or poor monitoring of glycemic control in the LTC settings. Furthermore, the glucose target of older NH residents with diabetes may be less stringent as compared to the target of relatively younger and healthier community-dwelling patients with diabetes. For example, Fravel et al. recommended that providers weigh the benefit and risk of strict glycemic control given the frailty and clinical complexity of elderly individuals with diabetes [10] , which may explain the low use of antidiabetic medications among NH residents. Further studies are needed to assess the reasons and associated risk and benefit of low use of antidiabetic medications in the NH settings.
Study Limitations
There were some limitations in this study. The MDS data collection form had a prespecified list of health conditions for nurses to check. However, there is limited instruction on how to identify or document the presence of chronic conditions in MDS, including diabetes or renal insufficiency/renal failure. We were unable to differentiate residents with type I or type II diabetes or assess the stages of CKD diagnosis assigned to the residents using the information in MDS. The stage of CKD among diabetic patients was assessed based on one eGFR reading. Some residents may have acute kidney impairment and may be misclassified as having CKD. Furthermore, because the data were derived from a limited number of facilities located mainly in Texas and Colorado, for which information on laboratory results are available, the findings on the prevalence of CKD and pattern of medication use and concordance to PI and NKF guidelines cannot be generalized to the US population. Less than half of the residents had glycated hemoglobin measures within 1 year since the NH admission. Thus, we cannot assess the glycemic control among these residents.
Conclusion
This study provides recent insights into the prevalence of CKD and treatment patterns in elderly NH residents with diabetes. The results showed a high prevalence of moderate to severe CKD in diabetic residents. Over half of the patients received more than 9 unique medications during a 90-day assessment window. A high proportion of patients with stage 3-5 CKD did not receive OADs as per the NKF guidelines or PI. Given the complex treatment regimen for diabetes, more studies are warranted to assess quality care, treatment, and resources for NH populations with diabetes and CKD. Due
